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FETCH MULTIPLE BYTE 


ECODE INSTRUCTIONS 




DECODE THE BYTECODE A 


ND FOLDED INSTRUCTIONS 
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■820 



YES 



INVOCATION^ 
OF METHOD 



NO 







\ INSTRUCTION? / 
\. y^830 


860 

r / 


PERFORM METHOD 
VERIFICATION 

- TRACE EXTRACTION 
-TRACE ANALYSIS 

- INSTRUCTION FOLDING 

(e.g., SEE FIGS 11-15) 




STORE THE DECODED BYTECODE 
INSTRUCTIONS IN CORRESPONDING 
TRACE BUFFERS FOR EACH TRACE 


^■840 






SCHEDULE PARALLEL EXECUTION OF 
TRACES DETECTED WITHIN A BASIC 
BLOCK OF BYTECODES ON MULTIPLE 
EXECUTION UNITS ACCORDING TO 
THE DEPENDENCY ORDER 

- SELECT TRACES 

- ALLOCATE RESOURCES TO 

EXECUTE SELECTED TRACES 

- ISSUE N INSTRUCTIONS 






POPULATE BASIC BLOCK 
TRACE TABLE CACHE WITH 
CORRESPONDING TRACE 
INFORMATION 


"^850 
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FIG. 9 
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900 



EXECUTE MULTIPLE TRACES IN PARALLEL BASED ON THE 
DEPENDENCY ORDER 

- DEDICATE AN RS/OPSTACK PER TRACE 

- SHARE FUNCTIONAL UNITS 



^910 



I 



TEMPORARILY STORE RESULTS ASSOCIATED WITH EXECUTION OF 
THE MULTIPLE TRACES IN A TEMPORARY BUFFER 

- UTILZE LV-ROB TO TRACK OUT OF ORDER REFERENCES 

- UTILIZE LOAD/STORE BUFFER FOR MEMORY REFERENCE 

ACCESSES 



^920 



I 



UTILIZE RUN-TIME DEPENDENCY DETECTOR TO IDENTIFY AN 
OUT-OF-ORDER DEPENDENCY CONDITIONS ASSOCIATED WITH 
PARALLEL EXECUTED TRACES 

- COMPARE ADDRESSES TO IDENTIFY DEPENDENCY CONDITION 

- CLEAR OPERAND STACK OF VICTIM TRACES 

- CLEAR VALUES IN TEMPORARY BUFFERS OF VICTIM TRACES 

- STOP EXECUTION OF VICTIM TRACES 



^930 



TRACE RETIRE (COMMIT) 



• SYNC LV-ROB TO LV-REG 

SYNC LOAD/STORE BUFFER TO DATA CACHE 

• RELIEVE OPSTACK AND OTHER SOURCES 



"^-940 



UTILIZE TRACE FETCH LOGIC TO FETCH ADDITIONAL 

TRACES ^950 



I 



FIG. 10 



1100 

IDENTIFY A SET OF TRACES WITHIN A SEGMENT OF CODE, EACH TRACE 
REPRESENTING A SEQUENCE OF INSTRUCTIONS WITHIN THE SEGMENT OF 
CODE THAT ARE EXECUTION STRUCTURE DEPENDENT 




1101 

IDENTIFY ALL TRACES IN ALL SEGMENTS OF CODE IN THE EXECUTABLE 
PROGRAM AS THE SET OF TRACES 








1102 

ASSOCIATE A TRACE NUMBER TO EACH TRACE AS IT IS IDENTIFIED IN THE 
SEGMENTS OF CODE, THE TRACE NUMBER BEING INCREMENTED TO 
INDICATE A TRACE ORDER OF IDENTIFIED TRACES, SUCH THAT TRACES 
HAVING TRACE NUMBERS LOWER THAT OTHER TRACE NUMBER OF OTHER 
TRACES ARE CONSIDERED ELDER TRACES 





1103 

IDENTIFY A DEPENDENCY ORDER BETWEEN TRACES IN THE IDENTIFIED SET OF TRACES, 
THE DEPENDENCY ORDER INDICATING TRACES THAT ARE DEPENDENT UPON 
OPERATION OF OTHER TRACES IN THE SEGMENT OF CODE 



1104 

FOR EACH CURRENT TRACE IN THE SET OF TRACES 




1105 

COMPARE VARIABLE ACCESSING INSTRUCTIONS WITHIN THE CURRENT TRACE 
TO VARIABLE ACCESSING INSTRUCTIONS WITHIN OTHER TRACES IN THE SET OF 
TRACES TO IDENTIFY A POTENTIAL TRACE DEPENDENCY IN WHICH THE 
CURRENT TRACE CONTAINS VARIABLE ACCESSING INSTRUCTIONS THAT ARE 
DEPENDENT UPON THE OPERATION OF OTHER VARIABLE ACCESSING 
INSTRUCTIONS IN AT LEAST ONE OF THE OTHER TRACES IN THE SET OF TRACES 








1106 

IF THE CURRENT TRACE IS DETERMINED TO CONTAIN VARIABLE ACCESSING 
INSTRUCTIONS THAT ARE DEPENDENT UPON THE OPERATION OF ANOTHER 
VARIABLE ACCESSING INSTRUCTION IN AT LEAST ONE OTHER TRACE, INDICATE 
A TRACE DEPENDENCY IN A TRACE DEPENDENCY STRUCTURE THAT IDENTIFIES 
THE CURRENT TRACE AS DEPENDENT UPON THE AT LEAST ONE OTHER TRACE 





1107 

EXECUTE TRACES WITHIN THE SET OF TRACES IN PARALLEL AND IN AN EXECUTION 
ORDER THAT IS BASED ON THE IDENTIFIED DEPENDENCY ORDER, SUCH THAT AT 

LEAST TWO TRACES ARE EXECUTED IN PARALLEL AND SUCH THAT IF THE 
DEPENDENCY ORDER INDICATES THAT A SECOND TRACE IS DEPENDENT UPON A 
FIRST TRACE, THE FIRST TRACE IS EXECUTED PRIOR TO THE SECOND TRACE 



FIG. 11 



1120 

IDENTIFY A BEGINNING TRACE INSTRUCTION IN THE SEGMENT OF CODE WHOSE 
OPERATION CORRESPONDS TO A FIRST CLEAN CONDITION OF AN EXECUTION STRUCTURE 



1121 

SIMULATE PERFORMANCE OF AN INSTRUCTION IN THE SEGMENT OF CODE 

▼ 

1122 

ANALYZE A CONTENTS OF THE EXECUTION STRUCTURE, AND IF THE SIMULATED 
PERFORMANCE OF THE INSTRUCTION CAUSES THE EXECUTION STRUCTURE TO BE 
EMPTY OF INSTRUCTION OPERANDS, THUS INDICATING THE FIRST CLEAN 
CONDITION OF THE EXECUTION STRUCTURE, PERFORMING THE OPERATIONS 

+ 

1123 

IDENTIFY A PROGRAM COUNTER ASSOCIATED WITH THE INSTRUCTION WHOSE 
PERFORMANCE WAS SIMULATED AS THE BEGINNING OF THE TRACE 

I 

1124 

IDENTIFY THE INSTRUCTION WHOSE PERFORMANCE WAS SIMULATED AS THE 

BEGINNING TRACE INSTRUCTION 



I 



1125 

IDENTIFY A SUBSEQUENT TRACE INSTRUCTION IN THE SEGMENT OF CODE WHOSE 
OPERATION CORRESPONDS TO A NON-CLEAN CONDITION OF THE EXECUTION STRUCTURE 




1126 

CONTINUALLY SIMULATING PERFORMANCE OF AT LEAST ONE INSTRUCTION IN THE 
SEGMENT OF CODE THAT FOLLOWS THE BEGINNING TRACE INSTRUCTION 












1127 

CALCULATE INSTRUCTION OPERAND PLACEMENT WITHIN THE EXECUTION 
STRUCTURE TO DETERMINE THAT THE EXECUTION STRUCTURE CONTAINS 
INSTRUCTION OPERANDS ASSOCIATED WITH THE CONTINUED SIMULATED 
PERFORMANCE, THUS DEFINING A NON-CLEAN CONDITION OF THE EXECUTION 

STRUCTURE 











TO STEP 1128 IN FIGURE 13 

FIG. 12 



FROM STEP 1127 IN FIGURE 12 

* 


1128 

IDENTIFY AN ENDING TRACE INSTRUCTION IN THE SEGMENT OF CODE WHOSE 
OPERATION FOLLOWS THE FIRST CLEAN CONDITION AND THE NON-CLEAN CONDITION OF 
THE EXECUTION STRUCTURE AND THAT CORRESPONDS TO AT LEAST ONE OF: 
I) A SECOND CLEAN CONDITION OF THE EXECUTION STRUCTURE; AND 
II) AN END OF THE SEGMENT OF CODE 




1129 

CALCULATE INSTRUCTION OPERAND PLACEMENT WITHIN THE EXECUTION 
STRUCTURE TO DETERMINE THAT THE EXECUTION STRUCTURE CONTAINS NO 

INSTRUCTION OPERANDS ASSOCIATED WITH THE CONTINUED SIMULATED 
PERFORMANCE OF THE AT LEAST ONE INSTRUCTION IN THE SEGMENT OF CODE 
THAT FOLLOWS THE BEGINNING TRACE INSTRUCTION 






* 






1130 

IDENTIFY A PROGRAM COUNTER ASSOCIATED WITH THE INSTRUCTION WHOSE 
PERFORMANCE WAS MOST RECENTLY SIMULATED AS THE ENDING OF THE TRACE 






+ 






1131 

IDENTIFY THE INSTRUCTION WHOSE PERFORMANCE WAS MOST RECENTLY 
SIMULATED AS THE ENDING TRACE INSTRUCTION 











1132 

DESIGNATE, AS A TRACE WITHIN THE SEGMENT OF 
CODE, ALL INSTRUCTIONS IN THE SEGMENT OF CODE 
INCLUDING, AND IN-BETWEEN, THE BEGINNING TRACE 
INSTRUCTION AND THE ENDING TRACE INSTRUCTION 

i 

1133 

ASSOCIATE A TRACE NUMBER TO EACH TRACE IDENTIFIED IN THE SEGMENT OF 
CODE, THE TRACE NUMBER BEING INCREMENTED TO INDICATE A TRACE ORDER 

OF IDENTIFIED TRACES 

I 

1134 

REPEAT THE STEPS OF IDENTIFYING A BEGINNING TRACE INSTRUCTION, 
IDENTIFYING A SUBSEQUENT TRACE INSTRUCTION, IDENTIFYING AN ENDING 
TRACE INSTRUCTION AND DESIGNATING A TRACE FOR SUBSEQUENT SEQUENCE 
OF INSTRUCTIONS IN THE SEGMENT OF CODE, SUCH THAT ALL TRACES IN THE 
SEGMENT OF CODE ARE IDENTIFIED 



REPEAT FOR 
EACH TRACE 
IN ENTIRE " 
PROGRAM 



FIG. 13 



1150 

IDENTIFY A BEGINNING TRACE INSTRUCTION IN THE SEGMENT OF CODE WHOSE 
OPERATION CORRESPONDS TO A FIRST CLEAN CONDITION OF AN EXECUTION 
STRUCTURE 

1 

1151 

IDENTIFY A SUBSEQUENT TRACE INSTRUCTION IN THE SEGMENT OF CODE WHOSE 
OPERATION CORRESPONDS TO A NON-CLEAN CONDITION OF THE EXECUTION 
STRUCTURE AND CORRESPONDS TO AN END OF A SEGMENT OF CODE 

1 

1152 

DESIGNATE, AS A TRACE WITHIN THE SEGMENT OF CODE, ALL INSTRUCTIONS IN 
THE SEGMENT OF CODE INCLUDING, AND IN-BETWEEN, THE BEGINNING TRACE 
INSTRUCTION AND THE SUBSEQUENT TRACE INSTRUCTION 



1153 

IDENTIFY, WITH A TRACE DEPENDENCY STRUCTURE. THE TRACE AS A NON-CLEAN 

TRACE 



I 



1154 

IDENTIFY ANY SUBSEQUENT TRACES OF CODE TO WHICH EXECUTION CONTROL 
MAY BE TRANSFERRED AFTER EXECUTION OF THE SUBSEQUENT TRACE 

INSTRUCTION AS NON-CLEAN TRACES 



FIG. 14 



1180 

SELECT AT LEAST TWO TRACES FROM THE SET OF TRACES TO EXECUTE IN PARALLEL IN 
A MULTIPLE EXECUTION STRUCTURE TRACE PROCESSOR, THE AT LEAST TWO TRACES 
SELECTED FROM THE SET OF TRACES BASED ON TRACE DEPENDENCIES EXPRESSED IN 
THE TRACE DEPENDENCY STRUCTURE, AND WHEREIN EACH OF THE AT LEAST TWO 

TRACES SELECTED IS NOT DEPENDENT UPON ANY OTHER TRACE THAT HAS NOT 
ALREADY EXECUTED IN THE MULTIPLE EXECUTION STRUCTURE TRACE PROCESSOR 



1181 

SELECT A NUMBER OF TRACES FOR EXECUTION IN PARALLEL THAT IS EQUIVALENT 
TO A NUMBER OF RESPECTIVE EXECUTION STRUCTURES IN THE MULTIPLE 
EXECUTION STRUCTURE TRACE PROCESSOR 



I 

1182 

EXECUTE THE AT LEAST TWO TRACES IN PARALLEL, EACH TRACE EXECUTING IN 
CONJUNCTION WITH A RESPECTIVE EXECUTION STRUCTURE IN THE MULTIPLE 
EXECUTION STRUCTURE TRACE PROCESSOR 



1183 

MAINTAIN LOAD AND STORE BUFFERS DURING EXECUTION OF THE AT LEAST TWO 
TRACES TO TRACK EXECUTION OF LOAD AND STORE INSTRUCTIONS IN THE AT 

LEAST TWO TRACES 

1184 

DETECT AN EXECUTION-TIME MEMORY DEPENDENCY DURING THE PARALLEL 
EXECUTION OF THE AT LEAST TWO TRACES 

♦ 

1185 

OPERATE A MEMORY DEPENDENCY RECOVERY PROCEDURE TO RECOVER FROM 
THE EXECUTION-TIME MEMORY DEPENDENCY 



I 

1186 

UPDATE THE TRACE DEPENDENCY STRUCTURE TO REMOVE ANY TRACE DEPENDENCIES 
ASSOCIATED WITH OTHER TRACES IN THE SET OF TRACES THAT ARE DEPENDENT UPON 
COMPLETION OF EXECUTION OF THE TRACE THAT COMPLETED EXECUTION 

i 

1187 

REPEAT SELECTING AT LEAST TWO TRACES, EXECUTING THE AT LEAST TWO TRACES, 
AND UPDATING THE TRACE DEPENDENCY TABLE IN ORDER TO EXECUTE, IN PARALLEL, 
TRACES IN SEGMENTS OF CODE THAT FORM A PROGRAM 



FIG. 15 



